Two new phenolic compounds, 1-O-(2,6-dimethoxy-4hydroxyphenyl)-P-D-glucopyranoside, named leonuriside
Lipid peroxidation is known as one of the major factors producing the disagreeable odor or taste in decomposing oils or fats in foods, and it could be possibly related to a cause of aging and carcinogenesis (Yagi, 1987; Hirai, 1994) . Antioxidants are the major chemicals protecting cells from lipid peroxidation and for preventing foods from losing their qualities. So far synthetic (e.g. 3-tert.-butyl-4-hydroxyanisole; BHA, 3,5-di-tert.-butyl-4-hydroxytoluene; BHT) and natural antioxidants (e.g. a-tocopherol, ascorbic acid) are widely used. Although synthetic antioxidants are more active than natural antioxidants, it has become a serious problem that the former ones are reported to have toxic side effects and suspected to negatively influence human health (Ito et al, 1986) . Thus, it is required to search for new types of antioxidants from nature, that are harmless to humans.
Leonurii Herba, the dried whole part of Leonurus japonicus (Labiatae) is an important herb for tonics, soothings, diuretics and stomach aches, and is also used for treating women's disorders of menstruation as an ancient Chinese crude drug. The isolations of various kinds of chemical constituents in the herb have been reported such as labdanetype diterpenoids (Wang et al, 1994; Hon et al, 1993 and Kruger & Rivett, 1988; Malakov et al, 1985; Savona et al, 1982) , flavonols (Tom~s-Barber~n et al, 1993 and Kartnig et al, 1985) , phenylpropanoids (Calis et al, 1992) , alkaloids and cyclic peptides (Kinoshita et al, 1991) , and iridoids (Buzogany et al, 1983 ).
In the course of our studies on natural antioxidants from edible plants and crude drugs (Ono et al, 1995 (Ono et al, , 1998 ; *TO Whom correspondence should be addressed. tPresent address: Faculty of Agriculture, Kagoshima University. Korimoto 1-21-24, Kagoshima 890-0065, Japan. Masuoka et al, 1997) , the methanol extract of Leonurii Herba showed potent anti-oxidative activity when compared to BHA which it has led to the isolation of seven compounds using chromatographic techniques. We now wish to report the structures of these active compounds and their antioxidative effects.
Materials and Methods
Leonurii Herba was purchased from Uchida Wakanyaku Co., Ltd., Tokyo. c!-Tocopherol and BHA were obtained from Nacalai Tesque, Inc., Kyoto. Linoleic acid was purchased from Tokyo Kasei Kogyo Co., Tokyo. The optical rotations were measured with a JASCO DIP 360 digital polarimeter (Jasco, Tokyo). The proton nuclear magnetic resonance (lH-NMR) and carbon-1 3 (13C)-NMR spectra were recorded on JEOL JNM-GX-400 and JEOL alpha 500 Extraction and Isolation The Leonurii Herba (1.94 kg) was extracted with MeOH (500 mlx2) under refiux, and the solvent was removed under reduced pressure to yield the extract ( 142.4 g). The extract was partitioned between n-hexane (500 ml) and H20 (500 ml). The H20 Iayer was further partitioned with EtOAc (500 ml). Each layer was dried under reduced pressure to furnish the EtOAc soluble 6.06 (s, ag-H-4 and ag-H-6). Anti-oxidative assay Anti-oxidative activity of the test sample was evaluated based on the ferric thiocyanate method (Kikuzaki & Nakatani, 1993) . The activity of the MeOH extract was measured at a final concentration of 0.02% as described in a previous paper (Ono et al, 1998 ) and a subsequent investigation for the activities of 1-6 was carried out at a final concentration of 0.5 mM as follows. A mixture of 2.51% Iinoleic acid in EtOH solution (0.80 ml), 0.05 M phosphate buffer (pH 7.0, 1.60 ml) and H20 (0.80 ml) was added to a 2.5 mM EtOH solution of each sample in a vial sealed with a cap and each vial was then placed in the dark at 40'C to accelerate the oxidation. After the 5th day of incubation, the assay solution (0.05 ml) was diluted with 75% EtOH (4.85 ml), followed by adding 30% ammonium thiocyanate (0.05 ml). Precisely 3 min after the addition of 0.02 mM ferrous chloride in 3.5% hydrochloric acid (0.05 ml) to the reaction mixture, the absorbance of the developed red color was measured at 500 nm. The control sample was prepared in the same manner by mixing all the same chemicals and ingredients and by excluding the test compounds. c!-Tocopherol and BHA were used as references.
Results and Discussion Leonurii Herba was extracted with MeOH under reflux, and the extract indicated a stronger anti-oxidative activity than BHA using linoleic acid as the substrate in the ferric thiocyanate method (Kikuzaki & Nakatani, 1993) (Fig. 2) . The extract was subjected to separation by repeated column chromatographies with various kinds of solvent systems to yield seven compounds (1-7). Structure Elucidation of 1-7 Compounds 1, 2, 3 and 4 were found to be identical with rutin, isoquercitrin, tiliroside and isorhamnetin 3-0-rutinoside, respectively, based on a comparison of the physical and spectroscopic data with those of authentic samples and references (Harborne & Mabry, 1982) . Compound 7 was identified as leonuride on the basis of its NMR analysis (Guiso et al, 1974; Buzogany et al, 1983) (Fig. 3 ).
Compound 5, named leonuriside A, was obtained as an off-white amorphous powder. Positive FAB-MS showed an [M+Na] + ion peak at m/z 355. In the IH-NMR spectrum of 5, present were an anomeric proton signal ((~ 4.64), a singlet signal due to an equivalent oftwo methoxyl groups ((~ 3.68), and aromatic protons which are equivalent to two protons ((~ 6.06). The 13C-NMR spectrum showed the presence of a glucose moiety ((~ 103.5, 77.0, 76.4, 74.1, 70 .0 and 61.0), an equivalent of two methoxyl carbons ((~ 56.1) and aromatic carbons ((~ 153.9, 153.2, 127.4, 93.8) . Taking into account this NMR evidence, 5 was a glucoside of 2,6-dimethoxy-4-hydroxyphenol. The position of a glucose attached to aglycone was found to be in the C-1 hydroxyl group due to its 13C-NMR chemical shift patterns. Thus, the structure of 5 was concluded to be that shown in Fig. 3 .
Compound 6, named leonuriside B, was obtained as an off-white amorphous powder, and TLC examination showed a dark green colorization after spraying with FeC13 reagent.
Positive FAB-MS showed a molecular ion peak at m/z 617 LM+Na] +. In the IH-NMR spectrum of 6, there appeared three anomeric protons ((~ 4.77, 5. 17 and 6.46) , and ABX-type aromatic protons [(~ 6.75 (br d, J=7.9 Hz), 7.16 (d, J=7.9 Hz) and 7.21 (br s)J. The 13C-NMR spectrum showed the presence of a 3,4-dihydroxyphenethyl alcohol moiety ((~ 147.0, 145.5, 130.3, 120.3, 117.4, 116.4, 71.1, 36 .2) and three monosaccharide moieties, which were identical to the respective one molecule of glucose, rhamnose and arabinose on the basis ofthe IH-NMR and FAB-MS data. These spectral data suggested 6 to be a deacyl derivative of lenoside A, and finally, this was confirmed by the IH-NMR data when compared with those of ~-(3,~dimethoxyphenyl)- (Calis et al, 1992) . Consequently, the structure of 6 was concluded to be that shown in Fig. 3 .
It should be noted that 5 and 6 are novel compounds, and the isolation of 4 is the first example from Leonurus spp.
Anti-oxidative effect of compounds 1-6 The anti-oxidative assay for 1-6 was investigated in the same manner as mentioned above. All these compounds showed stronger anti-oxidative activities than those of a-tocopherol and BHA (Fig. 4) . Among thern, isorhamnetin 3-0-rutinoside (4) showed a potent anti-oxidative activity that was about 6.3 times stronger than that of BHA. At a same molar concentration, 1, 2, 3 and 5 were also observed to have higher activities in the range between 3.7 and 5.3 times versus that of BHA while 6 showed activity similar to BHA. Kikuzaki and Nakatani ( 1993) expressed the importance of phenolic and/ or aromatic rings on which various combinations of substitutions of hydroxyl groups result to produce the anti-oxidative activity. Our recent report had substantiated these structureactivity relationships with the presence of bibenzyls, phenanthrenes and lignans in which the activities varied and depended on the positions and numbers of hydroxyl groups (Ono et a/, 1995) . Our experiments here showed that the active compounds 1-4 consist of a fiavonol core structure with some numbers of hydroxyl groups in the A-and B-rings. Moreover, the active glycoside 5 possesses a phloroglucinol ring in which two hydroxyl groups are methylated as found in 4. Thus, it is suggested that a phloroglucinol and a catechol ring in association with methoxyl groups might seem to be one of the important structures in relation to the anti-oxidative effect.
In conclusion, 1-6 are the anti-oxidative principles in Leonurii Herba and the anti-oxidative properties of 1-6 seem to occur due to a radical scavenging effect of the phenolic hydroxyl groups.
